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Finding hard instances, which needs a long time to solve, of graph problems is important for building a good
benchmark for evaluating the performance of algorithms and analyzing algorithms to accelerate algorithms. In this
paper, We aim at automatically generating hard instances of graph problems. We formulate finding hard instances
of graph problems as an optimization problem and propose a method to automatically find hard instances by
solving the optimization problem. The advantage of the proposed algorithm is that it does not require any task-
specific knowledge. To the best of our knowledge, it is the first non-trivial method in the literature to automatically
find hard instances by using optimization. Through experiments on various problems, we show that our proposed
method can generate a few to several orders of magnitude harder instances than the random based approach in
many settings, and especially our method outperforms rule-based algorithms in the 3-coloring problem.
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M M ′ 3 M

2 A

hardness(A,L) ≤ M P

EA∼Bernoulli(P )[hardness(A,L)] ≤ M

M ′ ≤ M M ′ ≥ EA∼Bernoulli(A∗)[hardness(A,L)] =

hardness(A∗, L) = M M = M ′

Theorem 2. 3
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i.e., r = hardness(A,L)

r
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REINFORCE [Williams 92]
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Adam [Kingma 14]
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[Pattabiraman 13] (FMC)
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1: 5

3-coloring Vertex Cover Clique Isomorphism

Brélaz B&B BK BKNP FMC Nauty

1151770980.6 12771.8 74499.6 4706426.4 5882966.0 9400.0

212276998.8 46659.8 160091.8 2615672.0 195117.4 120.6

602.2 8003.2 12024.0 2518357.4 147054.4 68.4

Erdős-Rényi p = 0.1 937.4 761.0 86.8 105.8 27966.0 122.2

Erdős-Rényi p = 0.5 2.0 635.6 562.4 1503.6 36657.6 32.6

Erdős-Rényi p = 0.9 2.0 489.8 9365.4 327251.4 107445.0 118.0

[Cheeseman 91] 1567.6 N/A N/A N/A N/A N/A

[Hogg 94] 31708.2 N/A N/A N/A N/A N/A

[Vlasie 95] 85353.6 N/A N/A N/A N/A N/A

[Mizuno 08] 219342.2 N/A N/A N/A N/A N/A

R(B(Gn, σ)) [Neuen 17] N/A N/A N/A N/A N/A 2700.0

R∗(B∗(Gn, σ)) [Neuen 17] N/A N/A N/A N/A N/A 2182.0

(Isomorphism)

Nauty [McKay 14] CPU 10−7

n = 50
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